The jaboticaba is a fruit that is native to Brazil, which has antioxidant activity and is known to have levels of bioactive compounds. This fruit is a berry with a lilac-coloured husk and white flesh; sweet and acid, which justifies its high levels of fresh consumption. The aim of this study was to contribute to the study of a new raw material in small agribusinesses. Jaboticaba-Sabará variety-was fractionated into three parts for pectin analysis: the skin, pulp and juice. The pectic substances of the jaboticaba were analysed. The degree of methoxylation was determined by titration and infrared spectroscopy (FTIR). Pectin extracted from the skin had a higher degree of esterification. The macromolecular composition, determined by high pressure steric exclusion chromatography (HPSEC), discriminated the pectins of high molar mass (skin) and low molecular weight (juice and pulp). The pectin from all the fractions presented homogalacturonan segments with a high degree of esterification, and ramnogalacturan side chains composed of galactose and arabinose. The jaboticaba pectins presented a high content of arabinose in the skin, whilst galactose was only found in traces in the juice, showing different proportions of monosaccharides, similar to commercial samples of apple pectin.
Introduction
The jaboticaba (Myrciaria cauliflora Berg.) belongs to the Myrtaceae family and is native to southern Brazil, Bolivia, Paraguay and Argentina. This tree can reaches up to 10 meters in height (LE BELLEC; LE BELLEC, 2004 ).
There are naturally occurring jaboticaba trees in the southwest region of Paraná, southern State of Brazil, in the remnants areas of the Forest Araucaria System, retained as legal protection areas of particular properties. The harvest is still an extractive trade, with the fruit being sold on roadsides in the region; an activity of economic and social importance for poor families (DANNER et al., 2010) . Jaboticaba production is seasonal and is concentrated only in the months of October and November (CLERICI; CARVALHO-SILVA, 2011) . It still only has limited commercial trade due to its high perishability, which affects the product's quality and quantity, and which compromises the quality of large volumes of this agricultural product (BRUNINI et al., 2004) . Consequently, studies are required regarding conservation methods aimed at shelf life increase of this fruit without affecting its quality (RUFINO, 2008) .
The fruit, berry in type, is rounded, dark-purple in colour, and contains between one and four seeds. The skin is thin and fragile and the pulp is white, translucent and sweet with a light acidity (CHIARELLI; NOGUEIRA, VENTURINI-FILHO, 2005) . The fruit has good marketing potential due to its organoleptic characteristics and can be used in the manufacture of liqueurs and jams as well as being eaten as table fruit (BRUNINI et al., 2004) . According to Souza (1992) and Terci (2004) , the jaboticaba fruit has important nutritional and functional properties due to its relatively high concentrations of minerals, especially iron, potassium, magnesium, manganese, phosphorus, calcium and copper. It also has high fibre content in the pulp and the skin is full of anthocyanins with antioxidant power. It is a good source of energy because of its high sugar content (REYNERTSON et al., 2006; CLERICI; CARVALHO-SILVA, 2011; LIMA et al., 2011) .
Dietary fibre consists of several compounds that are not digestible by the endogenous secretions of the digestive tract, mainly linked polysaccharides, non-digestible cell wall proteins, lignin, phenolic compounds, phytates, oxalates, modified starch, inulin, oligofructose and chitosan. Although it has a tendency for modification, the classification of dietary fibres also includes the insoluble fraction, composed of cellulose, some hemicellulose and lignin, and the soluble fraction; pectins, gums, mucilages, exudates and some hemicelluloses (FREITAS et al., 2008) . Soluble fibres, also found in the fractions of jaboticaba, have important properties that are beneficial to health. Herbstreith and Fox (1998) reported that the effects of pectin on various diseases decreasing the rates of atherosclerosis and blood glucose levels by promoting the complexation of heavy metals and their isotopes; working to reduce body weight; minimizing gastric diseases; facilitating coagulation and wound healing; and have anti-ulcer, anti-nephrosis, anti-nephritis and hypoglycemic properties. The use of lyophilised jaboticaba skin added to the diet of experimental animals (rats) induced increased levels of high density cholesterol (HDL) and increased insulin resistance (LENQUISTE et al., 2012) .
Pectin is a soluble fibre found in fruits in varying amounts, with inherent characteristics to each type. It is widely used in candy, drinks and sauces, as a gelling agent, stabiliser and thickener (CANTERI et al., 2012) .
The industrialization of jaboticaba production is hampered by the lack of information about its properties for processing. Thus, the knowledge about its structure and the macromolecular formation of its constituents, as well as their rheological properties is essential for quality control, control of shelf life and for the development of equipment and processes relevant to this fruit (SATO; CUNHA, 2009).
The study of jaboticaba pectic substances could be ensure its use in dietary preparations, industrial products and the formulation of new products, promoting a better utilization of this fruit through added value. The aim of this study was to determine the yield of pectin fractions from the skin, pulp and juice of Sabará jaboticaba, as well as evaluating its physicochemical (titration), spectroscopic (FTIR), molar mass (HPSEC) and neutral sugars (GLC) characteristics.
Materials and methods
The pectin production and analysis were carried out in laboratories of Universidade Estadual de Ponta Grossa -UEPG, Ponta Grossa, Brazil. 
Raw material

Processing of powdered pulp, powdered skin and juice
After being selected according to size and quality by specialized technicians, the jaboticabas fruits were washed, manually sliced and separated with the aid of a spatula into the fractions of seed, skin and pulp. The juice was obtained by centrifuging the whole pulp and immediately frozen at -5 °C. The pulp-free juice and skin, still with appreciable amounts of sugars, were washed in running water with constant stirring, until depletion of soluble solids (0° Brix). Subsequently they were dehydrated separately, below 55 ºC, to constant weight. This dehydrated material was ground in a Wiley mill, homogenised in ball mills and the sieved fractions (60 MESH) were stored. The products designated as powdered skin and powdered pulp were stored at room temperature (25 °C) in plastic packages. The product designated as juice was frozen (-5 °C in polyethylene bottles -PET). The yield of skin, pulp and juice was determined by the difference between the total initial mass and the mass of the fractions after dehydration.
Extraction and separation of the pectin from the skin and pulp
The powdered skin and the powdered pulp were used as raw materials for the process of acid extraction of the pectin. The extraction and isolation of the pectin followed the methodology of previous studies, with minor modifications (FERTONANI et al., 2006) . Approximately five grams of each powder were suspended in about 100 mL of water and stirred for 10 minutes at 80 °C. To this heated suspension, 100 mL of 0.1M nitric acid was added at the same temperature. The mixture was kept at boiling (97 °C) under reflux for 20 minutes. The system was cooled and the resulting suspension was filtered in synthetic fabric (polyester) and stored at 4 °C for 12 to 24 hours, resulting in the acid extract, the source of pectin. The powder that was exhausted of pectin was left as the main residue.
Isolation of pectin from the filtrate and the whole juice
In terms of the juice, only the soluble pectin was isolated and the acid hydrolysis process described above was not required. The separation of pectin was performed by the addition of the acid extract or juice over two volumes of commercial ethanol with graduation between 80 and 96 oGL in a liquid shaker until the formation of gel mesh. After this precipitation, the system was allowed to stand for about 4 hours to form the colloidal pectin structure on the surface, by flotation. This network of pectin was collected in a sieve and separated by filtration in synthetic fabric (polyester), packaged in small filters of the same material, and immersed in acetone and 96 oGL ethanol, and P.A. acetone (30 minutes of each) to remove the excess acid. After further pressing, the pectin remained in an air-circulation oven for evaporation of the solvent at 40 °C for 12 hours. Later, this dry pectin was manually ground using a Graal. The yield was calculated from the ratio between the amount of pectin obtained and the raw material used in dry basis.
Pectin analyses
A known amount of sample (250 mg) was solubilised in 50 mL of deionised water under constant stirring at 40 °C until complete dissolution. The free carboxyls of the anhydrous galacturonic acids were neutralised with 0.05N NaOH. After saponification (10 mL of 0.5N NaOH) for 30 minutes at room temperature, the neutralised carboxyl groups were esterified (10mL 0.5N HCl) to obtain the mEq values of NaOH, referring to the free and esterified anhydrous galacturonic acids, mEq and mEq respectively, from the equations shown in Table 1 . For the infrared spectroscopy analyses, tablets were made containing 100 mg of KBr with 1 to 2 mg of the samples of dried pectin fractions. These were pressed and analysed using a Nicolet 4700 FTIR spectrometer with 2 cm-1 resolution, 60 scans, and the spectrograms were recorded in the 4000-400 cm-1 range. The calculation of the degree of esterification of each sample was made considering the ratio between the area relative to the 1740 cm-1 band (esterified carboxylic groups) and the areas relative to the 1740 cm-1 and 1620 cm-1 bands (esterified and free, respectively). Potassium bromide (KBr) of spectroscopic grade was used as a white for correction of absorption of CO2 and H2O (MARCON et al., 2005) . Standards of pectin samples with degrees of esterification of 22 and 89% were purchased from SIGMA (Germany). The molecular weight profile of the fractions was determined by steric exclusion chromatography. Samples at a concentration of 3mg mL-1 were solubilised in water and filtered under pressure through filters with pore size of 0.2 µm. The samples were then injected into a steric exclusion chromatograph, model 150C ALC/GPC (Waters, Milford, Massachusetts, USA), with differential refractive index detector, model 2410 (Waters, Milford, Massachusetts, USA), and a for multi-angle laser scattering (MALLS) detector (Wyatt Technology, Santa Barbara, California, USA) (FERTONANI, 2006) .
The identification and determination of the relative concentrations of neutral sugars in the pectin samples were taken after derivatisation of alditols by gas chromatographymass spectrometry. The pectins were hydrolysed with 1M trifluoroacetic acid for 8 hours at 100 °C and the hydrolysate was brought to evaporation in a hood left on for approximately 24 hours. The free sugars were reduced with NaBH4 after the Na + cations were removed with resin in the form of acid. Then, the reduced filtrate was dried in a rota-evaporator and washed with methanol to remove boron in the form of trimethyl borate. Subsequently, the samples were acetylated with acetic anhydride and pyridine 1:1 (v:v) leading to the attainment of the alditols acetates, which were extracted with chloroform and washed with 5% saturated copper sulphate to removal of the pyridine. The samples containing the alditols acetates were analysed by gas-liquid chromatography in a model HP 5890 SII, with a flame ionisation detector and nitrogen as a carrier gas with a flow of 2 mL to 220ºC. A capillary column (0.25m id x 30m), model DB-210 with a thickness of 0.25 mm was used (SATO et al., 2011) .
Results and discussion
Cellulose is the predominant structural carbohydrate in the jaboticaba, followed by hemicellulose and then pectin. The amounts can vary, depending on the degree of ripeness, because the partial hydrolysis of pectin and cellulose occur during the ripening of the cellulose (MAGALHÃES; BARROS; FINGER, 1996) .
In fruits at the ripened stage and fit for consumption, gravimetric yields of pectin of 4.5% for skin, 2% for pulp and 6.0% for juice have been obtained, indicating that this soluble fibre is found in greater amounts in the isolated liquid portion of the pulp. Dessimoni-Pinto et al. (2011) found lower amounts of fibre in the skin and pulp of jaboticaba, being 8% and 1.1%, respectively. Lenquiste et al. (2012) quantified values of 20% for insoluble fibre and 5% for soluble fibre in lyophilised jaboticaba skin, a value close to that found in the present study. Pectin is usually referred to as soluble fibre (CANTERI et al., 2012) and the results show the considerable level of insoluble fibrous components in the skin.
The pectin extracted from the skin of the fruit was purple in colour due to the anthocyanins (phenolic compounds) that were extracted and precipitated together with the pectin. Rufino (2008) found only 0.44% of total pectin in jaboticaba pulp, isolated with ethanol after adjusting pH and enzymatic hydrolysis, and quantified as a percentage of galacturonic acid. In extracting pectin with citric acid under boiling for 30 minutes, the yield was 0.89%. This variation between the values is due to the lack of standardisation of a methodology for the extraction of pectin. In contrast, the measurements of total pectin in the fruit did not vary, and the average content was found to be 618 mg.100g-1 of pulp.
The titrimetric, spectroscopic and chromatographic characteristics of the samples of pectins obtained experimentally were compared with samples of commercial pectin with high and low degrees of esterification. Quality characteristics were determined using methoxyl (MeO), whose sum represents the percentage of polygalacturonic acid (acid fraction), with the remaining percentage equivalent to the neutral sugars (Table 2). A similarity can be observed between the experimental samples and the commercial low esterification pectin sample in terms of galacturonic acid, with average values of 69, 65 and 59% for skin, pulp and juice respectively, well differentiated from the 76% of the commercial samples of pectins with high values of esterification (HM). With respect to the methoxyl content, the results of the samples of the pectin from jaboticaba were closer to the high esterification commercial pectin sample. Therefore, in terms of the levels of polygalacturonic acids and methoxyls, the experimental samples of pectin were closer to the HM samples, but with variable degree of methoxylation, which influenced the gelation. The pectin extracted from the skin showed a higher degree of methoxylation (DE), which justifies why it is used more often in the manufacture of homemade jams, because this process also needs pectin for the formation of gel, besides sugar and acid. The experimental samples extracted from the skin (77%) and juice (68%) coild be classified as having a high degree of esterification.
The pectins were analysed regarding the degree of esterification and also by infrared spectroscopy, which allowed the identification of the functional groups in different regions of the spectrum. The region of importance for the identification of functional groups of galacturonic acid is between 1000-2000 cm-1, since the free carboxyl groups are absorbed at about 1630 cm-1 and the esterified groups are absorbed at 1750 cm-1. The peaks between 3000 and 2800 are connected to the C-H and CH3 links of the methyl ester groups (MONSOOR, 2005) . The most important region for determining the degree of esterification of pectins is that which is directly related to the carboxyl groups, despite the influence of the other groups. Figure 1 (A, B, C) presents the infrared absorbance spectra of the isolated pectin of the fractions. The average degree of esterification was 67%, 55% and 53% for pectins extracted from the skin, juice and pulp, respectively -consistent with the conventional value of the high content of commercial pectins with high values of esterification (HM) that were also analysed. Lima et al. (2010) found values of 71% for pectin extracted from jaboticaba also using the infrared spectroscopy methodology belonging to the group of fruits that produce jams. These average values were relatively lower than those found by titration, which are presented in Table 2 . The experimental samples of skin, juice and pulp showed similarities to the commercial sample of high esterification (HMP), in the spectroscopic profile of the degree of esterification calculated as the ratio of peak areas relative to the esterified carboxylic groups and also in the total area of the peaks relative to total carboxylic groups.
The pectin samples were classified as to their dispersion in molecular size with gel permeation by means of chromatographic techniques, being detected by multi-angle light scattering (LS) and refractive index (RI). The pectins were also characterised by gas chromatography with respect to their contents of neutral sugars, reducing them to alditols and confirming their structure by mass spectroscopy. Figure 2 shows the results of chromatography in HPSEC-MALLS-RI of the three experimental samples of pectin from the jaboticaba in terms and times of retention, considering the light scattering detector (LS-90º) and the refractive index. The refractive index (blue) supplies a signal proportional to the concentration, while the response of the scattering of light (red) depends primarily on the molecular weight. The skin fraction ( Figure 2A) shows a heterogeneous profile, probably derived from a mixture of pectic polysaccharides and starch. The presence of a peak, eluting at around 34 minutes and detected with great intensity by light scattering, can be observed that coincides with a high intensity of the refractive index, indicating that it is a high molecular weight component present in high concentration, probably oligomers of pectin or partially hydrolysed pectin.
Figures 2B and 3C also show the presence of a peak around 34 minutes, detected by scattered light, but it coincides with low refractive index intensity, indicating that it is a high molecular weight component present in a low concentration. This peak could be due to the presence of the starch or the result of molecular aggregation. A peak that is evident in the refractive index detector appears around 60 minutes. This coincides with a minimum in the intensity of light scattering, indicating the presence of a lower molecular weight polymer at high concentrations, probably pectin.
Relating the commercial samples to the experimental samples taken from the jaboticaba it can be noted that the commercial samples had a well-differentiated elution profile. These are mainly formed by compounds of high molecular weight that only resemble the molecular profile of pectin extracted from the skin fraction because the pectins extracted from the pulp and juice fractions were mainly composed of compounds of low molecular weight, showing that pectin extracted from different fruits has specific characteristics. Pinheiro et al. (2008) , Santos (2006) and Marcon et al. (2005) also obtained heterogeneous fractions for pectins from the skin of yellow passion fruit, araçá pulp, apple bagasse and mango pulp, demonstrating that it is difficult to obtain a pure pectin from plant materials. Consequently, the exact determination of the molecular weight of a pectin is an extremely difficult task due to the heterogeneous nature of these polysaccharides, which have linear regions and branched side chains, inter-and intramolecular variations, and different patterns of distribution of methyl ester groups along the polygalacturonic chain (KIM; TENG; WICKER, 2005) . Table 3 shows the relative contents of neutral sugars present in the experimental and commercial fractions of pectin as the aggregate fraction of the acidic polysaccharide structure. The proportions of the neutral monosaccharide components in pectin are variable, depending on various factors ranging from the quality of the source to the process and its characteristics. Among all the analysed sugars, the arabinose from the skin presented the highest content (60%) while the galactose of the juice only appeared as traces. The rhamnose was homogeneous in the three fractions, with low values of about 1.5%, while arabinose values were consistent with the standard HM (19.6%) and galactose was lower than the standard HM (49.7%), both in the pulp and in the juice (FERTONANI, 2006) . Fucose, a sugar considered to be rare in pectin, presented levels similar to rhamnose, while xylose was found in low levels in all three fractions. Mannose showed intermediate values that were greater than the standards, with higher concentrations in the juice and pulp than in skin, as well as glucose, which had values that were twice as high. The comparison of the sugars from the experimental samples with those of the commercial samples contributed to the perception of great diversity related to several different factors (FERTONANI, 2006) . Table 4 presents the combined results of the titration method (which gives the proportions of the acidic fraction) with the chromatographic method (which makes it possible to establish the proportions of each of the neutral sugars). This table contains the relative values for the methoxyl groups just to round up the values to 100%. The contents of galacturonic acid and methoxyl groups characterised the experimental samples extracted from skin, pulp and juice with a high degree of esterification. The relationship between galacturonic acid and rhamnose indicates how many acid molecules form part of the chain, per unit of rhamnose. The values found for the pectins of skin, pulp and juice were 300:1, 166:1, and 93:1, respectively. For the commercial pectins, values of 330:1 and 84:1 to 330:1 were found for the pectin of high and low degrees of esterification, respectively, which means there is one residue of rhamnose for each 330 residues of galacturonic acid in pectin of high esterification, for example. The calculation of the ratio of rhamnose to galacturonic acid, suggests that pectins extracted from fractions of jaboticaba could consist mainly of smooth regions that are rich in polygalacturonic acid, typically found in pectins of the middle lamella (MCCANN; ROBERTS, 1991).
Conclusions
The highest yield of pectin was obtained from the juice, followed by the skin, and then by the solid fraction of the pulp. The pectic fractions, called pectin from the skin, pulp and juice of the jaboticaba were soluble in acid. The pectins from the skin, juice and pulp were mainly composed of segments of homogalacturonans with a high degree of esterification (DE 67%, 55% and 53%) and rhamnogalacturonans with side chains consisting mainly of mannose and arabinose, especially frucose, not normally found in the pectins of other fruits. The experimental samples showed different proportions of monosaccharides as well as the commercial samples.
